A mutation in a gene that regulates folate metabolism has effects that persist for five generations, according to a new study in mice. The DNA of the affected animals displayed abnormal epigenetic marks, highlighting the value of these mutant mice as a model for studying the epigenetic transmission of developmental defects.
A mutation in a gene that regulates folate metabolism has effects that persist for five generations, according to a new study in mice. The DNA of the affected animals displayed abnormal epigenetic marks, highlighting the value of these mutant mice as a model for studying the epigenetic transmission of developmental defects.
Researchers have known for many years that folate deficiency can cause multiple congenital abnormalities, including cardiovascular defects, spina bifida, and intrauterine growth restriction. The exact mechanism has been unclear, but epigenetic regulation is thought to have a role. Folate is a key source of methyl groups for the epigenetic marks that are added to DNA to regulate gene expression and establish the level of gene activity across generations.
To take a closer look at how folate affects development and transmission of epigenetic information, Nisha Padmanabhan et al. generated mice deficient in methionine synthase reductase (Mtrr), an enzyme that sets up the transfer of methyl groups from folate to cellular substrates such as DNA.
The researchers found that the offspring of mice deficient in this enzyme developed normally, but the grandchildren of Mtrr-deficient grandmothers or maternal grandfathers were severely affected. These third-generation offspring had high levels of congenital malformations, and many of them were also growth restricted, apparently due to problems in the uterine environment during their development.
The two phenotypes were distinct: when the grandchildren were transferred as embryos to a healthy, genetically wild-type mother's uterus, they were not growth restricted, but they did have congenital abnormalities. Only congenital malformations persisted, and they did so for at least five generations.
The researchers speculate that the transgenerational effects are due to an inability to maintain genome-wide DNA methylation patterns in both imprinted and nonimprinted genes. In support of this idea, the researchers observed aberrant DNA methylation in the placentas of the wild-type grandprogeny of Mtrr-mutant grandmothers.
In addition to providing a window into the inheritance of epigenetic states, the findings also suggest that dietary deficiencies in folate in humans may have effects beyond a single generation. An experimental approach to treating primary ovarian insufficiency (POI) shows promise in a new study that allowed a few women with POI to produce mature eggs and, in one case, a healthy baby. The approach involves tweaking two independent biochemical pathways to prompt the growth of ovarian follicles.
POI afflicts about one percent of women, who develop menopausal symptoms before 40 years of age due to reduced follicle reserve. There is no effective treatment, and egg donation is often the woman's only pregnancy option.
Kazuhiro Kawamura et al. took a look at POI through the lens of a well-known treatment for a different reproductive disorder, pleomorphic polycystic ovarian syndrome, in which there are multiple anovulatory follicles. Some forms of this syndrome can be treated by measures that disrupt the ovary (such as laser drilling), with positive effects on follicle growth.
The researchers speculated that the underlying mechanism for this growth-promoting effect involves the Hippo signaling pathway, which is known to help regulate optimal organ size and can be disrupted in response to tissue damage. The Hippo pathway seems to act as a ''brake'' in the ovary to prevent excessive follicle growth. For instance, the researchers found that the pathway was disrupted in ovarian tissue that had been removed from juvenile mice and cut into several fragments.
In their preclinical model, the researchers transplanted ovary fragments from juvenile mice under the kidneys of adult hosts. Such fragments matured in the host and produced oocytes; follicle growth seemed to be augmented by factors that disrupted the Hippo pathway. The researchers also found that oocyte development in this system was affected by stimulating the Akt pathway, a separate intracellular signaling pathway previously implicated in follicle growth.
The researchers then applied these lessons to people, testing 27 women with POI and fragmenting portions of their donated ovaries into tiny cubes of 1-2 mm 3 . The Hippo pathway seemed to be disrupted in these fragments, as indicated by the presence of particular growth factors. The researchers treated these cubes with Aktstimulating drugs for two days before transplanting between 40 and 80 of them back into the fallopian tubes of each woman. The researchers were later able to retrieve eggs from five of the patients, one of whom gave birth to a baby boy after successful ICSI (intracytoplasmic sperm injection) using her husband's sperm.
The new treatment, dubbed in vitro activation (IVA), needs further testing, but provides hope for individuals with this disease. The new study also may lead the way to less invasive approaches for infertility treatment, such as targeting agents that stimulate Akt signaling and disrupt the Hippo pathway to the ovary. The male sex in a group of insect-foraging marsupials pays a high price for reproduction, unable to survive its own frenzied bout of mating. A new study suggests that the desperate destructive behavior of these creatures has evolved as a result of several factors, involving an extremely short mating season and sperm competition, in which 1
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